ABSTRACT The chicken major histocompatibility complex (MHC) has abundant SNP and indels, and is closely related with host genetic resistance or susceptibility to disease. The LEI0258 locus is the most variable in the MHC region, and is a useful marker in reflecting the variability of MHC. In this study, we applied the LEI0258 microsatellite marker to investigate polymorphism of MHC in Chinese indigenous chickens. The size of LEI0258 fragments in 1,617 individuals from 33 Chinese chicken breeds was detected by capillary electrophoresis, and 213 samples with different fragment sizes were further sequenced. A total of 69 alleles ranging from 193 to 489 bp were found, including 21 novel alleles and 28 private alleles that existed in only one breed. Three alleles, 249 bp (7.04%), 489 bp (6.57%), and 309 bp (6.10%), were the most frequent in the indigenous chickens. A 489-bp novel allele was unique in Chinese local chicken breeds. Three indels and 4 SNP of upstream/downstream of 2 repeat regions (R13/R12) were found. Abundant variations indicate high genetic diversity at the MHC region in indigenous chickens. Rare alleles are vulnerable to genetic drift in small populations, and can be used as molecular markers for monitoring the dynamic conservation of many indigenous breeds.
INTRODUCTION
The chicken major histocompatibility complex (MHC) with abundant SNP and indels (Wong et al., 2004) was closely related to host genetic resistance or susceptibility to disease. One of the hot spots in chicken genetics and breeding research has been to identify MHC haplotypes. Since the 1980s, many approaches have been used to test chicken MHC genotypes, including red blood serological reaction (Briles and Briles, 1982; Fulton et al., 1996) , 2-dimensional electrophoresis (Miller et al., 1984) , DNA RFLP (Miller et al., 1988; Juul-Madsen et al., 1993; Livant et al., 2001; Emara et al., 2002; Iglesias et al., 2003) , single-strand conformation polymorphism (Goto et al., 2002; Iglesias et al., 2003) , and a genotyping method based on DNA sequence typing (Zheng et al., 1999; Miller et al., 2004; Livant and Ewald, 2005) . However, it is very difficult to detect large groups by these methods.
The microsatellite locus LEI0258 was a tetranucleotide repeat system physically located within the MHC on microchromosome 16 of the chicken (McConnell et al., 1999; Fulton et al., 2006) . The LEI0258 microsatellite marker shows high polymorphism including a large number of alleles and large range in allele size. Although each LEI0258 allele may not necessarily be associated with the MHC haplotypes in different populations (Fulton et al., 2006) , the LEI0258 marker genotype gave a good indication of the variability of the MHC region in different chicken populations (Izadi et al., 2011) . Microsatellite detection of LEI0258 was simple and fast (Fulton et al., 2006) , Thus, this marker has been widely used to evaluate genetic diversity in many regions with different chicken breeds or lines (LimaRosa et al., 2005; Fulton et al., 2006; Schou et al., 2007; Lwelamira et al., 2008; Hoque et al., 2011; Izadi et al., 2011; Chang et al., 2012; Nikbakht et al., 2013) .
China, as one of the largest chicken producers in the world, is rich in chicken genetic resources, and there are many local breeds scattered throughout the country. In this study, we applied the LEI0258 microsatellite marker to investigate polymorphism of the MHC region in Chinese indigenous chicken breeds, and use it to dynamically monitor the change of genetic resources. 
MATERIALS AND METHODS

Samples
Genotyping by Detecting Size of LEI0258 Fragments
The sizes of LEI0258 fragments in 1,617 individuals were detected. Polymerase chain reaction was done using 1.5 µL of genomic DNA, with 0.4 µL of each primer, 2 µL of buffer (10×), 0.8 µL of 10 mM dNTP, 0.3 µL of Taq DNA polymerase, and water in a final volume of 20 µL. The PCR cycles included 95°C for 5 min, 35 cycles of 95°C for 30 s, 65°C for 30 s, 72°C for 30 s, and 72°C for 5 min. The PCR primers for LEI0258 were CAC-GCAGCAGAACTTGGTAAGG (forward) and AGCT-GTGCTCAGTCCTCAGTGC (reverse; McConnell et al., 1999 , Fulton et al., 2006 . The forward LEI0258 primer was dye-labeled with FAM to produce a PCR product labeled with fluorescence, and the PCR product was detected by capillary electrophoresis in Sangon Biotech (Shanghai, China). GeneMarker (GeneMarker V1.71, Soft Genetics LLC, State College, PA) was used to read the size of targeted fragments.
Sequencing
Out of 1,617 samples, 213 with distinct sizes of LEI0258 fragments were sequenced. The DNA sequence was obtained using primers that bind just outside of the LEI0258 binding region, as follows: forward (CA-JF01F): TCGGGAAAAGATCTGAGTCATTG; reverse CAJF01R): TGATTTTCAGATCGCGTTCCTC (Fulton et al., 2006) . The PCR was performed in a final volume of 25 µL with 2 µL of chicken genomic DNA, 2.5 µL of buffer (10×), 0.5 µL of each forward and reverse primers, 1 µL of 10 mM dNTP, 0.5 µL of Taq DNA polymerase, and water. The PCR cycles included 95°C for 5 min, 35 cycles of 95°C for 30 s, 61°C for 30 s, 72°C for 30 s, and 72°C for 5 min. The PCR products were detected by Sangon Biotech. The sequences were further compared against homologous sequences retrieved from GenBank using DNAMAN (DNAMAN Application 4.0.1.1, Lynnon BioSoft, USA).
RESULTS AND DISCUSSION
In this study, we used the fragment size detection by capillary electrophoresis to measure the polymorphisms in Chinese local chicken breeds, but some new alleles were found. To confirm the results, we selected 1 to 2 samples for each new allele to be sequenced. Briefly, if there was only one sample for a certain allele, the sample was selected to be sequenced. If there were more than 2 samples for a certain allele, we selected 2 samples with the highest peak values in capillary electrophoresis spectrum. Meanwhile, for those samples with the same allele size as the previous studies, 1 to 2 samples were also chosen for sequencing validation. A total of 213 samples were sequenced in our study. However, the sizes detected by capillary electrophoresis and sequencing did not exactly match. The fragment length by capillary electrophoresis and the consensus size by sequencing are shown in Table 1 . The size difference ranged from 1 to 65 bp (Table 1) . Fragment length by capillary electrophoresis did not exactly match that by sequencing for unclear reasons. Some environmental factors might affect electrophoresis, or capillary electrophoresis might have shown false-positive results. LEI0258 was a composite microsatellite that had 2 or more different repeat units of the structure of the microsatellite. It is common for a compound microsatellite to contain different repeating units with the same size of the fragments. Therefore, sequencing is more accurate. In this study, the results from sequencing were used.
In total, 69 alleles were found in 1,617 individuals of 33 Chinese indigenous chicken strains, and the size of LEI0258 alleles ranged from 193 to 489 bp. Out of 69 alleles, 21 novel alleles and 28 private allele that existed in only one breed were found. Three alleles, 249 bp (7.04%), 489 bp (6.57%), and 309 bp (6.10%), were the most frequent in Chinese indigenous chickens (Table  1) . The 489-bp novel allele was unique in Chinese indigenous chickens.
The more alleles suggested higher polymorphism of LEI0258. The number of alleles is different depending on chicken breeds. Fifteen alleles were identified in Brazilian chicken (blue-egg caipira; Lima-Rosa et al., 2005) . Twenty-six LEI0258 alleles, ranging from 182 to 552 bp, were detected in North American and European layer-type chickens (Fulton et al., 2006) . Twenty-five alleles at the microsatellite locus LEI0258 were observed in 2 chicken breeds in Vietnam (Schou et al., 2007) . Twenty-two and 23 alleles of LEI0258 were found in 2 Tanzania chicken ecotypes, respectively (Lwelamira et al., 2008) . Izadi et al. (2011) used 2 parameters, heterozygosity and the number of alleles, to assess genetic variability. A total of 13 alleles were found in Korean native chicken (Hoque et al., 2011) , 16 alleles in 6 Tai- DQ239506,  DQ239507,  DQ239526,  DQ239543,  DQ239546,  DQ239527,  DQ239528,  DQ239529, DQ239553 130, 131, 201, 5.1, 6.1, 21, 75 360/370 wan chicken breeds (Chang et al., 2012) , and 25 alleles in 3 Iranian indigenous chicken populations (Nikbakht et al., 2013 ).
In the current study, we found 21 novel alleles in Chinese indigenous chickens that were not found in other chicken populations (Lima-Rosa et al., 2005; Fulton et al., 2006; Schou et al., 2007; Lwelamira et al., 2008; Hoque et al., 2011; Izadi et al., 2011; Chang et al., 2012; Nikbakht et al., 2013) . They might be specific in Chinese indigenous chickens. In addition, 28 private alleles showed a breed specificity, and distinct fragment sizes could be used to distinguish these breeds.
The entire LEI0258 was sequenced, including the repeat region and 2 flanking regions. The repeat region contained 2 repeat fragments, a 13-bp repeat of CTATGTCTTCTTT and a 12-bp repeat of CTTTCCTTCTTT. The repeat numbers were different. The R13 has 1 to 20 times, and 3 to 27 times for R12. The flanking region consisted of the upstream and the downstream of the repeat region. The upstream region was from −78 to −1, and the downstream region from 1 to 88, including the last repeat. Seven polymorphisms were observed in the flanking region, 2 in the upstream region and 5 in the downstream region. The frequency of C/T (2.35%) and Δ/A (0.94%) downstream of the repeat region was relatively low. The 23 to 31 position upstream of the repeat region was sequenced as ATTTTGAGΔ in this study, which agreed with Hoque et al. (2011) but did not conform with the sequence ATTTGAGG detected by Fulton et al. (2006) . This variation may be shared in the Asian chicken breed, but needs further research to confirm.
In summary, indigenous chickens showed high polymorphism and genetic diversity. They were important genetic resources for breeding workers to protect and use. Here we evaluated genetic polymorphism in indigenous chickens by detecting the MHC locus using LEI0258 microsatellite marker. Abundant alleles and novel alleles were found, which indicated that plentiful variations existed in local chicken populations. In addition, some rare alleles, such as 28 private alleles found in this study with low frequency, are vulnerable to genetic drift in small populations. It will be a big loss to genetic resources of indigenous breeds if the rare alleles are lost. Therefore, it is necessary to assess genetic information of indigenous breeds. The LEI0258 microsatellite marker with high polymorphism can be used to dynamically monitor the change of genetic resources.
